Summary. The injection of pregnant mice with 5 mg oestradiol dipropionate induced a high proportion of bilateral cryptorchidism in the male offspring. The ectopic testes were reduced in size and occupied one of three different positions in the abdomen: pararenal, paravesicular or inguinal. The seminal vesicles were found to be similarly reduced in size whereas the adrenals and pituitaries appeared to be unaffected. The total content of testosterone was reduced in the pararenally placed gonads but was not significantly different from that of the controls when the testes were in the inguinal region. The content of androstenedione was not significantly altered. The concentration of both hormones, however, was increased in all cases. Plasma testosterone levels were lower in all the offspring of treated mothers, especially in those with high ectopia.
INTRODUCTION
The injection of oestrogenic hormone into the pregnant rat or mouse inhibits to various degrees testicular descent in the male offspring (Greene, Burrill & Ivy, 1938 , 1940 Raynaud, 1942) . It has been suggested that the effect is mediated through the gubernacular system (Raynaud, 1958) . Depending upon the extent of inhibition, the testes may be found at various points along their natural line of descent. Jean (1968a) has described three positions which have been observed in these studies. In the pararenal position, testicular descent appears to have been almost totally inhibited, and the testis remains attached to the lateral surface of the kidney or to its lower pole. In the paravesicular position, some degree of descent has occurred and the gonads are found close to the bladder. In the in¬ guinal position, the testes are found at the upper end of the inguinal canal or slightly within it.
In male offspring examined at puberty and when adult, this prenatal oestro¬ genic effect produces authentic pseudohermaphroditism characterized by an ectopie position of the testes, inhibition of the development of the genital tract 236 Cl. Jean et al. and persistence of female genital structures (Jean, 1966 (Jean, , 1967 (Jean, , 1968a . The ectopie testes show a considerable reduction in weight, degeneration of the germ cells with associated sterility in most cases, and changes in the development and in the structure of the interstitial cells (Jean, 1968a) . Study of the histo¬ logical and weight changes in these testes from 1 to 180 days has shown that their abdominal siting affected their development from the 27th day onwards (Jean, 1972 (Jean, , 1973 . This technique for the artificial production of ectopie testes makes it possible to reproduce, as closely as possible, the condition of congenital cryptorchidism which occurs spontaneously in certain species. The (Jean & Jean, 1970) and the mothers were too ill to nurse their young. Newborn mice of both sexes were raised by foster mothers ; when 30 days old, males were isolated one per cage. The conditions of temperature (23°C + 1°C), lighting (daylight) and feeding (complete pelleted diet and water given freely) were the same for controls and 'treated' animals.
Thirty-nine 'treated' males survived to adulthood; at 3^months, they were killed by decapitation, together with seventeen control animals. The blood plasma and both testes were removed for estimation of testosterone and andro¬ stenedione levels. Steroid levels were measured by gas chromatography with an electron detector (63Ni) according to the technique described by Attal (1969 Attal ( , 1970 . Plasma and testicular androgens were extracted with ether and the test¬ osterone and androstenedione were then separated by thin-layer chromato¬ graphy. Testosterone was converted to testosterone-17/?-heptafluorobutyrate, purified by thin-layer chromatography and submitted to gas-liquid chromato¬ graphy. Androstenedione was reduced to testosterone and measured by the same method. The quantitative analysis was carried out on a Packard model 7400 gas Chromatograph equipped with an electron capture detector. A 90 cm 3 mm column filled with 1 % QF1 coated on gas chrom Q_ (80 to 100 mesh) was used for the detection of testosterone-17jß-heptafluorobutyrate. Argon-methane (95:5 v/v) was used as the carrier gas (flow rate, 50 ml/min). The temperatures were kept at 195°C for the column and at 215°C for the detector and the flash heater.
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The specificity of the method, proved by Attal (1969 Attal ( , 1970 , was verified as follows: (1) (Jean, 1973) has shown that as far as weight and histological appearance are concerned, the paravesicular and inguinal testes are very similar. The results for the two groups were there¬ fore pooled for these investigations.
RESULTS
Bilaterally cryptorchid testes were found in thirty-eight of the thirty-nine animals studied. (Tables 3 and 4 ). animals, the amplitude of these variations was even greater (from 1 -4 to 387-9 ng in the content, and 1-7 to 351-1 ng/100 mg in the concentration), and there was marked dissociation between the androstenedione content of the right and left testes. In Groups I and II (gonads in the symmetrical position), the testo¬ sterone and androstenedione contents were always higher in the left than in the right testis. The ratio of androstenedione content to testosterone (A :T) was assessed for each group of animals. The average for the controls was 0-57 and out of thirtyfour values measured, only two, i.e. 5-9%, were^1 (1-00 and 1-08). This ratio was significantly increased by 86 % in the offspring of treated mothers, and 29 % of the ectopie testes had a ratio higher than 1, with very high values reaching > 7. The value of this ratio could be related to the position of the testis within the abdomen ( Table 2 .) The marked increases lay between 47-3% and 236-8% and were significant in Groups I and II. The most marked increase was obtain¬ ed in Group I. In Group III, the pararenal testes had a much lower A:T ratio than those of individuals in Group I (0-76 versus 1 -92). The increase in this ratio does not seem to be due to the same causes in the various groups studied. In Group I, the increase in the A:T ratio was associated with a reduction in testo¬ sterone whereas in Groups II and III it was associated with an increase in androstenedione.
Plasma levels of testosterone for all Groups of animals studied are shown in Table 5 . The levels were reduced in the three Groups of offspring of treated mothers compared to the controls.
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The lowest seminal vesicle weights were associated with the lowest plasma testosterone levels (Group I), the highest weights with the highest testosterone levels (Group II). The mice in Group III with one testis in a high position, the other in a low position, had intermediate weights and testosterone levels.
In the controls, the ratio testosterone/10 ml plasma : testosterone in ng/ testis was equal to 2, whereas in Groups I, II and III, respectively, it was 0-65, 1 -03 and 0-80. Groups II and III had similar testosterone contents within the testis, which were slightly higher than that of the controls, but the concentration oftestosterone in the blood was strongly reduced (41-2% in Group II and 58-4% in Group III).
Androstenedione was detected in the plasma of control mice and in the off¬ spring of oestradiol-treated mothers, but it was not possible to measure it.
DISCUSSION
The results derived from the experiments reported have shown a high propor¬ tion of cryptorchidism in the offspring induced by administration of oestradiol dipropionate to the mother during pregnancy. The location of the undescended testes provided an indication of the degree ofinhibition ofthe normal mechanism of descent. The more highly placed the gonad was in the abdomen, the lower was its weight and content of testosterone.
The frequency of cryptorchidism increased with increasing doses of oestradiol (Jean, 1968a) . This hormone seemed able to cross the placental barrier, since its effects on the development of the gubernacular system were the same if it was given to the pregnant mother or directly to the fetus (Raynaud, 1957; Raynaud & Raynaud, 1958) . As yet, however, there is no knowledge about the precise amount of hormone reaching the fetus. Exogenous oestrogens brought about an atrophy of both the gubernacular system and the processus vaginalis as demonstrated by Raynaud (1957) and Raynaud & Raynaud (1958) , resulting in failure of the testis to migrate. In most adult offspring of oestradiol-treated mothers, the ligament joining the posterior poles of the testis and of the epidi¬ dymis to the scrotum was lacking, and, with concomitant narrowing ofthe ingui¬ nal canal, passage of the testis was prevented (Jean, 1968a) . According to Raynaud (1958) , fetal testicular androgens would influence gonadal migration. It would then be possible to deduce that oestrogens prevented descent of the testis by an inhibitory effect upon fetal testicular secretions (Raynaud & Ray¬ naud, 1958) . This failure of the testis to produce androgens might result from a direct effect upon interstitial cells or indirectly be mediated through the hypothalamo-hypophysial system. The atrophy of the interstitial gland of the testis in fetuses born to mothers treated with oestradiol provided an argument in support of this interpretation (Raynaud, 1942 (Mancini & co-authors, 1965) , rats (Clegg, 1963 (Clegg, , 1965 and mice (Jean, 1968a; Hagen, 1971) . It has been shown in numerous species, and especially in the mouse (Hardberger, 1950) , that high temperatures between 32 and 33°C produce degeneration of the germinal epithelium and disorders of spermatogenesis in the ectopie testis are believed to be due mainly to the higher temperature to which it is exposed in its position within the abdomen. This degeneration of the germinal cells may lead to an increase in FSH secretion in the rat (Amatayakul, Ryan, Uozumi & Albert, 1971) and to a self-maintained disease in man (Millet & co-authors, 1973) .
According to the classical explanation of cryptorchidism, it would be neces¬ sary to postulate that the testis is exposed to a higher temperature at the pararenal level than at the paravesicular or inguinal levels. This could be explained by the proximity of metabolically active organs, such as the kidney, but it is not certain that this factor is alone responsible. Certain authors (Bedrak, Samoïloff & Sod-Moriah, 1973) (Jean, 1968b) .
There are widely differing reports in the literature regarding the effects of cryptorchidism on the development of the accessory sexual glands. Bouin & Ancel (1903) observed no effect and this has been supported by numerous other authors, in connection with both experimental and natural cryptorchidism in the mouse (Huseby, Domínguez & Samuels, 1961) , the dog (Schlotthauer & Bollman, 1942) , the rat (Nelson, 1934; Moore, 1944; Amatayakul & co-authors, 1971 ), the ram and bull (Skinner & Rowson, 1967 and the guinea-pig (Antliff & Young, 1957) . Other authors have observed a reduction in weight of the seminal vesicles in the rat (Inano & Tamaoki, 1968) . Our results showed a significant reduction in the weight of the seminal vesicles in each of the three groups of affected animals. This atrophy probably has two causes: a reduction in circulating testosterone, and an inhibition, during embryonic development, of certain parts of the seminal vesicle, in particular the cranial flexure (Jean, 1968a) . Our results differ from those of Lloyd (1972) who was unable to observe any relationship between plasma testosterone and the weight of the seminal vesicles and the prostate in cryptorchid rats. The discrepancy between these reports is probably due to different experimental conditions concerning the procedure used for obtaining cryptorchidism, the time during which the testis remained within the abdomen, and the position of the gonad.
There is little information concerning androgen production by the ectopie testis and most studies have been carried out in vitro. The capacity of the ectopie testis to convert progesterone into androstenedione and testosterone is reduced compared with that of the scrotal testis in the rat (Llaurado & Domínguez, 1963) . In the same species, Inano & Tamaoki (1968) reported that, in vitro, the pro¬ duction of progesterone, 17oc-hydroxyprogesterone and testosterone from preg¬ nenolone was reduced, whereas that of androstenedione was normal and that of 17a-hydroxypregnenolone was increased. These results were confirmed by Bedrak & co-authors (1973) (Jean, 1973) Eik-Nes (1964) showed that testosterone secretion depends on testicular blood flow, and Steinberger (1970) found that certain experimental or pathological conditions which modify the blood flow profoundly affect testi¬ cular function. It is possible that in our experiments the oestrogens, which inhibited the development of the gubernaculum testis during embryonic life, also affected the blood supply to the testis.
